Involvement of the flavin si-face tyrosine on the structure and function of ferredoxin-NADP+ reductases.
In ferredoxin-NADP(+) reductase (FNR), FAD is bound outside of an anti-parallel beta-barrel with the isoalloxazine lying in a two-tyrosine pocket. To elucidate the function of the flavin si-face tyrosine (Tyr-89 in pea FNR) on the enzyme structure and catalysis, we performed ab initio molecular orbital calculations and site-directed mutagenesis. Our results indicate that the position of Tyr-89 in pea FNR is mainly governed by the energetic minimum of the pairwise interaction between the phenol ring and the flavin. Moreover, most of FNR-like proteins displayed geometries for the si-face tyrosine phenol and the flavin, which correspond to the more negative free energy theoretical value. FNR mutants were obtained replacing Tyr-89 by Phe, Trp, Ser, or Gly. Structural and functional features of purified FNR mutants indicate that aromaticity on residue 89 is essential for FAD binding and proper folding of the protein. Moreover, hydrogen bonding through the Tyr-89 hydroxyl group may be responsible of the correct positioning of FAD and the substrate NADP(+)